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tween the lead guide pipe and the lead-containing
sleeve for feeding a lead from the sleeve into the lead
guide pipe. The feed roller has a frusto-conical contfigu-
ration with its axis disposed at an angle with respect to
the axis of the central bore, and is peripherally provided
with a helical rib, which is adapted to engage the pe-
riphery of lead. A rotation is externally imparted to the
shaft of the feed roller, thereby rotating it to feed a
given length of the lead forward.

13 Claims, 22 Drawing Figures

ZZ777 WMr T e T >N

45

o, '_‘l-

e ol e T---dﬁ ——

bl —y——————i

N R \ h =,
bl L L - .
. . . Ly
" 0
- .“ . - .
: . . L
| LR . .
L - '

38 48




mmm._um.v 99 Nmmmmm

___, h__rlrh....ﬁ...l....n.....b...r i!...__._..

; ,..._.,, ,_._..._._.,.,._HEEE;

;rrhlr; _lf__i__.}._l..

4,299,506

S & 9
- 6l &N
2 ] Gt J¢
- o mm m¢ m¢ mv S0
-
f € 9|
'y
% 62 82 92 £2)52 8 6l oN 2 om mv \._-
= .
. T ,.Ji s e
S , —— 8, M“mw___.c_w___w_@w_@_{._._,é.u 76 9
bl 12 b2 bl G2 c| 8¢ 44, 8b Lg ¢l Bt

| 914

U.S. Patent



4,299,506

Sheet 2 of 10

U.S. Patent Nov. 10, 1981

| sz

P9 99 €9 mm wv

iiiiiiiiii

_ ffff"’%,’“%wﬁw\w \.
22 6b gy <%

v 914

_ 1|..;.i.mﬁmm"...,_,
1 =TI

r’ﬂfb )
'iift\\\‘i..“h.rl‘.ﬁl

A

Zg F,Pfrﬁﬁ.ﬁ. >

qﬁs&%\\\

o¢ 8t

_AE

v T FELE TS FAEE AR R A

._l...l.llll.-r.ll.i_
|

[ Y

NN Zooims
8¢ 8b ll 2

BN S A -

\.\\..._.ali

| S

Cl

Gl 9l

3¢



Sheet 3 of 10 4,299,506

Nov. 10, 1981

U.S. Patent

6l Is

¢

g~}

vl

U

C AR R R IR R RN

s




Sheet 4 of 10 4.299,506

Nov. 10, 1981

U.S. Patent

.__.L. s .-._l-.r_..l ..-l__. P DL L ] .-._mr..____.-
f- "L Pt mam g

NS

-t - f
. - '
kel
r
'
[

" e

Lo

f %
l...f .

SN | e
oy | b [ . p——
' . nﬂﬂmm}.‘._\_ﬁm:n _ P

SR LA L T g e AR g F I AT

L . .- Ll : I . . " ¥

S dalfet AT Tt AL M B
.- Ll T T

11111111111111111111111111111




Sheet 5 of 10 4,299,506

Nov. 10, 1981

U.S. Patent

¥4 op|
bl L2162l gl g2l bel \6ll Ol vul

L WA, GATA VAN, WA, WA WANE YANE. YANA WANA EANA WINA WANK WANS. WLh WAL Y . Y gy -N-,-

L — ] B L i

'
*

\

RNy oy &Y S L aiglrlr.l N
&\\\ 2 TN .

NSRS G
g

=g SIS

. ' .
L . T W e e, e e A Ml L W, VL, s Sl T, T
. - . 4 H i - T atd
- - - .

i e, B, e, ek, ‘e, ‘i, " e A " " e ", inlgs, "l N, e ", " e Sl A il

L . . ' BT ESY -
F T el ey = T it} ' ; PEE R - P B T b ) g w LI ah - r okl B Y- LBk ry - Tyt

LI

w

RS AF

zz1leilge o1 il 111
o2l i

21’914

6

ol GO c6 26
NSNS 7 77,

57

| 9c2 I o e e e e I T s
=l R

#1201 10l c| 99 g6 66 oo 2! VO

11 " O13



Sheet 6 of 10 49299,506

Nov. 10, 1981

U.S. Patent

| DI

Ovl

orHIEIE—= =
N o= il
G9| _ /L]
9l N.v_

L

Pd.ir.;‘.l,’lr

"ﬂ'."ggggrg’

GEl 14

99l

———pfssl el NI N
! _ _ el
eGligl Ogl 2¢1 82! Gel ird ¢l

¢l 'Ol



U.S. Patent Nov. 10, 1981 Sheet 7 of 10 4,299,506

FI1G. 1D

Ml W, S S, S N, M- T W

- . s— H : - --__F" Il':.'l.
] ' \ - g ).
- : n “ I
:In_ 1 r-l L h _ A . v e ey
. \ )
'-..1_"
2,

1.8

- 'r"‘"l
. —— - e v i
] .

! g .- i
*AN ¥

AT




U.S. Patent Nov. 10,1981  Sheet 8 of 10 4,299,506

& X 777 A S

g Poo B 82 13
2 XL

T 4~

MG

3 2 -!E‘Eﬁmﬁrﬁi\‘i\‘ \\\\\\tﬂ

\!
40 ,
63213214 48 3963 66 64




Sheet 9 of 10 4.299,506

Nov. 10, 1981

U.S. Patent

L MMM =Y 22~ = °
NN\ P55y 77

. i |. _I

S
= NIRRT

-1| -
= J

i
-

) T -
-3 = LR .“_..__ "

'
.
-




A4

4,299,506

4
121 621 €¢I €21 bEl |61l ¢<c vl

4

¢l

ocl 7,

NN

” Lue _u_..._r .......,.

/A%

¢l

ctl

Sheet 10 of 10

il

. e Ly ¥ .
- , B pan. TR — :
' .... - .1.1 .1 ; H c

Nov. 10, 1981

B

U.S. Patent

i)

. .Hi”.....__.!.._.._.._ - “_u... uwnh.p.-a ul.-.nu T -.“...-.._...ﬁ_-.._.-._.-“_._lh . .._.mw..ﬂu. ﬂrm”...m”hnl_._.nuﬁrw”_.nmr”r”nﬂ- - '—.
..Il - S .
)
' \_._......_I.I._.u___:....: h-l .
, ‘ 1- -
prrmnael = R e
o | ll—
| % wa
e A~
m_ - & Vd am

A

il
Gel

144

ogl Igl 82! 221{gl\e6 9

021 Zli

e

lcc

c

el

o

[a

. T
' b

" a
s

LAY

-
]
||
-
'

Y glz SI2

¢l

S

Gl

S



1
MECHANICAL PENCIL

FIELD OF THE INVENTION

The invention relates to a mechanical pencil, and
more particularly, to a lead feed mechanism of a me-
chanical pencil in which the advance or retraction of a
lead is controlled by the rotation of a lead feed roller
which extends substantially parallel to the lead toward
the tip end within a casing and having a hehlical rib

formed around its periphery which is adapted to engage

the lead.
DESCRIPTION OF THE PRIOR ART

Generally, mechanical pencils are categorized into
two types, a rotation fed type and a push fed type, de-
pending on the manner in which the lead 1s fed. Me-
chanical pencils of a rotation fed type are disclosed in
U.S. Pat. No. 2,722,913 issued to Joseph Aversa on
Nov. 8, 1955 and U.S. Pat. No. 3,477,791 1ssued to
Nagahiro Yamashita on Nov. 11, 1969 and assigned to
the common assignee as the present application. These
mechanical pencils include a casing formed by a pair of
coaxially disposed members having an axially extending
central bore, a guide pipe disposed within the casing
and peripherally formed with a helical slit and which
can be rotated within one of the members as the other
member is rotated, and a holder pipe loosely fitted 1n-
side the guide pipe and having its one end receiving one
end of a lead to hold it frictionally. The holder pipe is
formed with a projection on its outer periphery which
engages with the slit formed in the guide pipe and
which also engages a slot formed axially in the inner
wall of said one member, whereby the holder pipe 15
supported against rotation while permitting 1ts axial

translation. As the guide pipe rotates, the holder pipe

which has its projection engaged with the helical slit in
the guide pipe moves axially to permit the lead to
project from the tip of the casing or retracted therefrom
in accordance with the direction in which the guide
‘pipe is rotated. On the other hand, mechanical pencils of
a push fed type are disclosed in U.S. Pat. No. 3,627,434
issued to Yukio Horie on Dec. 14, 1969 and assigned to
the common assignee as the present application, for
example. Such pencil comprises a collet chuck which 1s
disposed so as to be axially movable within a cylindrical
casing and holding a lead, a lead containing sleeve
which has its one end connecied with the collet chuck
and its other end projecting from the rear end of the
casing, and spring means which normally urges the lead

containing sleeve toward the rear end of the casing. The

lead is advanced by pushing the rear end of the lead
containing sleeve toward its front end. Specifically, as
the sleeve is pushed, the collet chuck moves toward the
front end of the casing while carrying the lead, and as it

advances through a given distance, the chuck is opened, -

whereupon the lead is held stationary at i1ts advanced

position. When the rear end of the lead containing

sleeve is released, the resilience of the spring means
returns the sleeve to its original position, whereby the
collet chuck returns to its original position while main-
taining its open position to catch another lead again.

With a mechanical pencil of rotation fed type, the

amount of a rotation can be adjusted to feed a con-
trolled length of lead. However, because the lead must
be inserted into one end of the holder pipe one by one,
it is necessary to insert a fresh lead into the holder pipe

whenever a lead is completely used. By contrast, the
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collet chuck and the lead containing sleeve are con-
nected together in a mechanical pencil of push fed type,
so that when a lead is completely used, a fresh lead is
successively fed into the collet chuck from the sleeve.
Hence, it is unnecessary to insert a fresh lead when a
lead is completely used as it is required with a mechani-
cal pencil of rotation fed type. However, the length of
lead which is fed by a single push operation is predeter-
mined, it is impossible to feed forward a controlled
length of lead which 1s desired by a user.

~ SUMMARY OF THE INVENTION

It is an object of the invention to provide a mechani-
cal pencil which permits a desired length of lead to be
fed forward and in which a pencil lead can be succes-
sively fed into the operative position whenever the
previous lead is completely used. |

In accordance with the invention, there is provided a
mechanical pencil comprising a casing having a ferrule
at its one end and having a central bore which extends
axially thereof, a lead-containing sleeve capable of con- .
taining a plurality of leads, the sleeve being adapted to
be fitted into the central bore and having its rear end
closed by a cover which is detachably mounted on the
casing, the front end of the sleeve being narrowed while
leaving an opening in alignment with the axis thereof
which has a diameter slightly greater than that of the
lead, a lead guide pipe mounted in the ferrule so as to be
aligned with the axis of the central bore and shidably
holding the lead, lead feed means located intermediate
the lead guide pipe and the lead-containing sleeve and
including at least one lead feed roller having a helical
rib on its periphery for engagement with the outer pe-
ripheral surface of the lead, drive means for rotating the
lead feed roller about its axis, and operating means
mounted on the outside of the casing for operating the
drive means. - B |

In a preferred embodiment of the invention, a rear
casing which forms the rear end portion of the casing is
disposed rotatable about the axis of the central bore
while the rear end of the lead-containing sleeve is
mounted for rotation in ganged relationship with the
rotation of the rear casing. The lead feed means com-
prises 2 first and a second feed roller, each of which is

- disposed on the opposite sides of the axis of the central

bore to hold. the lead therebetween as it is fed into the
nip therebetween. The front end of the lead containing
sleeve is peripherally formed with annular rack teeth,
which mesh with drive gears mounted on the shafts
associated with the respective feed rollers. Conse-
quently, as the rear casing is rotated, the rack teeth on
the sleeve rotate, whereby the pair of feed rollers rotate
in the same direction as they are driven through the

drive gears which mesh with the rack teeth. By regulat-

ing the rotation of the operating means, a desired length
of lead can be fed through the.front end of the lead

guide. When a lead is completely used, a fresh lead can

be fed into the nip between the lead feed rollers from

the lead containing sleeve.
In another preferred embodiment of the invention,

the lead feed means comprises three feed roilers, one of

 which is formed with a helical rib which proceeds in the

opposite direction from the helical ribs on the remaining

two rollers, and hence rotates in the opposite direction

from the latter. This prevents a rotation of the lead itself
as it is being fed. The drive means may comprise a
motor, and a reduction gearing connected with a drive
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shaft of the motor. In this instance, the operating means

may comprise a switch arrangement which 1s operated
to establish a forward or reverse rotation of the motor.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a longitudinal section, partly broken away,
of a mechanical pencil according to a first embodiment
of the invention:

- FIG. 2 is a perspective view showing a lead feed
mechanism of FIG. 1;

FIG. 3 is a longitudinal section of a lead feed mecha-

3

10

nism according to a second embodrment of the inven- -

tion;
FIG. 4 is a longitudinal section of a lead feed mecha-
nism accerdmg to a third embodiment of the invention;
FIG. 5 is a longitudinal section, partly broken away,
of a fourth embodiment of the invention;

FIG. 6 is a longitudinal section of a lead feed mecha-

nism according to a fifth embodiment of the invention;

FIG. 7 is a transverse section taken along the line
7—7 shown in FIG. 6;

FIG. 8 1s a
8—8 shown in FIG. 6;

FIG.9is a longrtudlnal section of a lead feed mecha-
nism according to a sixth embodiment of the invention;

FIG. 10 is a transverse section taken along the line
10—10 shown in FIG. 9; |

FIG.111sa longltudmal section, partly broken away,
of a seventh embodiment of the invention;

FIG. 12 is a longitudinal section, partly broken away,
of an eighth embodiment of the invention;

FIG. 13 is a longitudinal section of a drive transmis-
sion mechanism according to a ninth embodlment of the
invention; |

FIG. 14 1 a longitudinal section of a drive transmis-
‘sion mechanism according to a tenth embodiment of the
invention;

FI1G. 15 is a longitudinal section of a lead feed meeha—
nism according to an eleventh embodiment of the in-
vention; -

FIG. 16 1s a perspective view, partly in sectlon, of the
lead feed mechanism shown in FIG. 15;

FIG. 17 1s a longitudinal section of a lead feed mecha-

nism according to a twelfth embodiment of the inven-

tion;

FIG 18 is a longitudinal section of a lead feed mecha-
nism according to a thlrteenth embodiment of the in-
vention;

FIG. 19 1s a longitudinal section of a lead feed mecha—-
nism according to a fourteenth embodiment of the in-
vention;
~ FIG. 20 is a transverse seetlon taken along the line

20—20 showmg in FIG. 19; |
- FIG. 21 is a longitudinal section of a lead feed mecha-
nism according to a fifteenth embodiment of the inven-
tion; and | |

FIG.22isa longltudlnal section of a lead feed mecha-

nism according to a sixteenth.embodiment of the inven-
~ tion. |

DESCRIPTION OF PREFERRED
EMBODIMENTS

Referring to the drawings, several embodiments of
‘the invention will now be described, and it is to be
understood that corresponding parts are designated by
- like reference numerals throughout the drawings.

~ Initially referring to FIGS. 1 and 2, there is shown a
first embodiment of the invention. An external casing

15

20

a transverse section taken along the line

25

30

4

generally designated by reference numeral 11 includes a
front casing 12 which is located foremost and having its
front end formed into a tapered ferrule, an intermediate
casing 13 having its front end threadably engaged with
the rear end of the front casing 12, and a rear casing 14
which has its front end fitted into the rear end of the
intermediate casrng 13 by snap action. The varrous parts

of the external casing 11 are molded from a synthetic

resin material. The front casmg 12 houses a tubular lead
guide 15 extending axially in alignment with the axis

thereof and which is fixedly carried by the front portion
of the front casing 12. The front end of the lead gurde 15

slightly projects beyond the front end of the casing 12

while its other end or rear end is located within the
intermediate casing 13. Lead guide 15 1s formed of a
metal material, and shdably supports a lead 16 within its
bore. Toward its rear end, the front easmg 12 is inter-
nally provided with a cavity 17 which is concentric
with the lead gurde 15. A cavity 18 is formed inside the
intermediate casing 13 and extends axially to communi-

cate with the cavity 17. An open-ended lead-containing

plpe 19 having a greater diameter than the lead guide 15
is disposed axially within the cavity 18, and is formed of
a metal material. The purpose of the pipe 19 is to con-
tain spare leads 16 therein. The front portion of the pipe
19 is formed with a front conical surface 20 and a fitting
portion 21 which extends horizontally from the front
end of the conical surface 20. The fitting portion 21 has
an internal diameter which is slightly greater than the
outer diameter of the lead guide 15 so as to be loosely
fitted over the rear end of the lead guide 15. On its front
end, the fitting portion 21 is peripherally formed with

- rack teeth 22. On its rear end, the intermediate casing 13
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1S 1nternally formed with a pair of annular rims 23 which
extend radially inward. On its front end, the rear casing
14 1s internally formed. with a hook-shaped projection
25 which extends over the rearmost rim 23 on the inter-
mediate casing 12 to fit between the rims 23 thereon. By
fitting the pro_]ectron 25 on the rear portion of the inter-
mediate casing 13, the rear casing 14 can be connected
with the intermediate casing 13 in a rotatable manner. A .
cavity 24 is formed within the rear casing 14 and com-
municates with the cavity 18, the rear portion of the
pipe 19 extending into the cavity 24. The rear end 26 of

the pipe 19 is shaped to present a rectangular cross

“section so as to be fitted into a rectangular opening 29

formed in the rear end of the cavity 24, whereby a
rotation of the rear casmg 14 is positively transmitted to

the lead containing plpe 19 to rotate it. 'The rear end of

the rectangular opening 29 communicates with a circu-
lar Opemng 28 which opens into the rear end face of the

rear casing 14. In the example shown, an eraser such as

india-rubber 29 is detachably fitted into the opening 28.
The rear end of the eraser 29 is fixed to a protective cap
30, which can be gripped between fingers to remove the
eraser 29. This permits spare leads to be supplied into
the pipe 19. .

Considering now the lead feed meehamsm, an axrally
extending notch 35 having a relatively increased length
is formed in the upper portion of the lead guide 15 in its
region extending from the opening 17 in the front casing
to the cavity 18 of the intermediate casing 13. An axrally

extending feed roller 36 is disposed parallel to the axis of

the lead guide 15 for engagement with the p__errphe_ry of
the lead 16 which is exposed through notch 35. The feed

~roller 36 is peripherally formed with a continuous heli-
“cal rib 37 which is formed in the manner of a left-hand

screw. T he feed roller 36 1s formed of a metal materlal



4,299,506

S

such as aluminum or brass or a synthetic resin such as
acrylic, polycarbonate or butadienne copolymer resin
(ABS). The feed roller 36 1s provided with support
shafts 38 which extend from its opposite ends. The front
shaft 38 is received in an opening 41 formed in a support
plate 40 which is rotatably disposed within the front end
of the cavity 17. A movement of the front shaft 38 in the
forward direction is himited by a stop ring 42 which is
fixedly mounted on the shaft 38. The rear shaft 38 is
received in a slit 44 formed in a holding plate 43. The
siit 44 (see FIG. 2) 1s formed so as to permit movement
of the associated shaft 38 toward the axis of the lead 16.

‘The upper end of the holding plate 43 is secured to the

internal surface of a cylindrical body 45 at its rear end
which i1s fitted into and secured to the front end of the
cavity 18 of the intermediate casing 13. A pair of stop
rings 46, 47 are mounted on the rear shatt 38 so as to
hold the plate 43 therebetween. The stop ring 46 en-

gages one limb of a substantially U-shaped leaf spring 48
which has its other limb secured to the internal surface

of the cylindrical body 45. The leaf spring 48 resiliently .

urges the rear top shaft downward, i.e. toward the axis
of the lead guide 15. It should be understood that the
leaf spring may be replaced by any other resilient bias
member. A pinion 49 is mounted on the rear end of the
rear shaft 38 for meshing engagement with the rack
teeth 22 formed on the lead-containing pipe 19. A stop
rib 50 is mounted on the lead guide 15 o limit a move-
ment of the pipe 19 in the axially forward direction.
In operation, the rear casing 14 is rotated counter-
clockwise while the foremost end of the front casing 12
is directed downward. This rotation is transmitted
through the rear end 16 of the pipe 19 which is fitted
into the rectangular opening 27 in the rear casing 14 in
a positive manner, thus causing a counter-clockwise
rotation of the pipe 19. Such rotation of the pipe 19 1s
transmitted to the pinion 49 through the rack teeth 22,
whereby the pinion 49, and hence the feed roller 36,
rotates clockwise. When the rib 37 on the feed roller 36
1s helically formed in the manner of a left-hand screw,
the helix will move to the left, as viewed in FIG. 1. On
the other hand, one of the leads 16 contained in the pipe
19 will slide along the front conical surface 20 to be
dropped into the lead guide 15 where it will be engaged
by the rear end of the feed roller 36. It is to be noted that
both axial ends of the feed roller 36 have a reduced
diameter as is usually found in a screw, so that the lead-
ing end of the lead 16 is initially engaged by such por-
tion of the feed roller 36 having a reduced diameter,
allowing the outer end of the rib 37 to bite lightly into
the outer periphery of the lead 16. Once such biting
action occurs, the lead 16 causes the feed roller 36 to be
driven outward, or upward as viewed m FIG. 1, against
the resilience of the leaf spring 48. Subsequently, a
clockwise rotation of the feed roller 36 enables the lead
16 to move down, or to the left as viewed in FIG. 1. A
cut of a small depth is formed in the periphery of the
lead 16 by the rib 37. The cut progresses in the opposite
direction from the rib 37, namely, in the manner of a
right-hand screw in the present example, thus enabling
a positively controlled movement of the lead 16 to the
left. After the rib 37 on the feed roller 36 has engaged
the lead 16, a continued rotation of the rear casing
causes the lead 16 to advance further forward, whereby
the leading end of the lead 16 projects beyond the front
end of the lead guide 15. Because the leaf spring 48
maintains the feed roller 36 in abutment against the
periphery of the lead 16, a retraction of the lead 18,

6

namely, its movement to the right, as viewed in FIG. 1,
during the writing process is prevented. When it 1s
desired to retract the lead 16, the rear casing 14 may be
rotated clockwise. The clockwise rotation of the casing
14 causes a counter-clockwise rotation of the feed roller
36, whereby the lead 16 1s moved to the right, as viewed
in FIG. 1. When the mitial lead 16 is completely used as

a result of a writing process, another spare lead con-

| tained in the pipe 19 is successively fed into the lead
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guide 13,
The amount through which the lead 16 is fed forward

is determined by the pitch of the feed roller 36 and the
turn ratio of the rack teeth 22 and the pinion 49. By way
of example, when the feed roller 36 has a pitch of 0.4
mm and one revolution of the rack 22 permit three
revolutions of the pinion 49, a rotation of the rear casing
14 through one-third revolution causes the lead to be
fed forward 0.4 mm. It is to be noted that the amount of
feed can be controlled continuously, so that it is a simple
matter to feed forward a desired length of the lead by
adjusting the amount of rotation of the rear casing 14. In
this embodiment, the helical rib 37 on the feed roller 36
is formed in the manner of a left-hand screw, so that a
counter-clockwise rotation of the rear casing 14 feeds
the lead 16 forward. However, when the rib on the feed
roller is formed in the manner of a right-hand screw, the
rear casing may be rotated in clockwise to feed the lead
forward.

Referring to FIG. 3, there is shown a second embodi-
ment of the invention in which an additional feed roller
33 is provided. The two feed rollers 36, 35 are disposed
to hold the lead 16 therebetween while feeding it for--

‘ward. Specifically, the second feed roller 53 is disposed

parallel to the feed roller 36 at an angular position
which is 180° spaced from the feed roller 36 relative to
the axis of the lead guide 15. The lead guide 135 is addi-
tionally formed with a second notch 56 which is 180°
spaced from the first mentioned notch 35 to expose the
part of the lead 16 therethrough. A helical rib 37 1s
formed on the periphery of the second feed roller 48 1n
the manner of a left-hand screw in the same manner as
the feed roller 36, whereby the rib 57 is adapted to
engage the peripheral surface of the lead 16 which. 1s
exposed through the second notch 36. The support of
and a rotation transmission mechanism for the second
feed roller 55 are similar to those described above in
connection with the first embodiment, and therefore
will not be described specifically.

In operation, when the rear casing 14 (FIG. 1} is
rotated counter-clockwise, the lead-containing pipe 19
also rotates in the same direction. The rotation of the
pipe 19 causes the two pinions 49 to rotate clockwise,
advancing the lead 16 to the left, as viewed 1n FIG. 3. A
smooth feeding operation for the lead 16 is assured by.
holding the lead 16 between the two feed rollers 36, 53.
Because the lead 16 is urged in two directions, the grip
on the lead 16 as well as the force to feed the lead 16 by
the rollers 36, 55 can be increased. |

In an embodiment shown in FIG. 4, the second feed
roller 55 of the second embodiment is replaced by a
reversing roller 62 having a helical rib 61 which pro-
ceeds in the opposite direction. Specifically, the rib 61
on the reversing roller 62 is formed in the opposite
direction from the rib on the feed roller 36, that is to
say, in the manner of a right-hand screw. The reversing

~ roller 62 carries a rear support shaft 63 which extends

through the holding plate 43 to the rear side thereof.

The lead-containing pipe 19 is formed with an extension
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64 which extends parallel to the axis thereof so as to
cover the front conical surface 20 thereof. On its front

end, the extenston ring 64 1s internally formed with

annular rack teeth 65, which mesh with a pinion 66
mounted on the rear end of the rear shaft 63. The stan-

dard pitch circle of the rack teeth 65 has a diameter

which is twice the diameter of the standard pitch circle

of the rack teeth 22, so that the feed roller 37 is formed

as double-threaded screw in order to increase the pitch

of the feed roller 37 will be twice the pitch of the revers-
ing roller 62.

10

8

helical rib 84 formed on each roller proceeds in the
same direction, that is, is formed as a left-hand screw.
The manner in which the individual rollers 81, 82, 83

are supported, and the transmission mechanism by
which a rotating drive is transmitted thereto remain the

same as those mentioned above in connection with the
feed roller 36 of the first embodiment, and therefore will
not be specifically described. As shown, the lead 16 is
supported by three feed rollers 81, 82, 83, so that the
rear end of the lead guide 15 need not extend to the

- fitting portion 21 of the lead containing pipe 19. Instead,

In the operation of this third embodiment, when the -

rear casing 14 is rotated counter-clockwise, the pinion
49 rotates clockwise in the same manner as in the previ-
ous embodiment. On the other hand, the pinion 66 ro-
tates counter-clockwise as a result of its meshing en-
gagement with the rack teeth 65 on the extension ring
64. Consequently, the feed roller 36 and the reversing
roller 62 rotate in the oppostte direction. Though the
reversing roller 62 rotates in the opposite direction, the
rib 61 formed thereon in the manner of a right-hand
screw permits the lead 16 to be fed to the left, as viewed
in FIG. 3. Consequently, the two rollers 36, 62 feed the
lead 16 forward while firmly holding it therebetween.
The rotation of the pair of rollers 36, 62 in the opposite
directions permits the lead 16 to be fed forward without
causing 1its rotation.

FIG. 5 shows a fourth embodiment of the invention
in which the lead-containing pipe is formed integrally
with the rear casing and an initial engagement between
the feed roller and the lead i1s assured. Specifically, a
rear casing 71 includes a cylindrical extension 72 which
extends into the cavity 18 of the intermediate casing 13,
with the front portion of the extension 72 being formed
Into a front conical portion 73. At its opposite end, the
~extension 72 is peripherally formed with an annular
groove 78 in which the annular rim 25 formed on the
rear end of the intermediate casing 13 is fitted, thus
allowing a rotation of the rear casing 71 relative to the
intermediate casing 13. The rear end of the lead guide
15 1s fitted into the front end of the conical portion 73 so
as to be supported thereby. Rack teeth 22 are formed on
the outer periphery of the front portion of the conical
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portion 73 for meshing engagement with the pinion 49.

In this manner, a cavity 74 of the rear casing 71 can be
utilized for containing spare leads, allowing an in-
creased number of leads 16 to be contained therein as
compared with a separate lead-containing pipe 19
which has been used in the previous embodiments. In
- addition, the construction is simplified. Furthermore, a
feed roller 75 of this embodiment includes a tapered

portion 76 of a diameter which gradually decreases.

toward its rear end, and a helical rib 77 1s formed over

45
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the length of the roller 75 from its tapered portion 76 to

its front end. Consequently, a lead 16 which is supplied
from the cavity 74 within the rear casing 71 is initially
engaged by the tapered portion 76 of the feed roller,

53

assuring a smooth initial engagement between the lead-

ing end of the lead 16 and the feed roller 78.
- FIGS. 6 to 8 show a fifth embodiment of the inven-
- tion in which three feed rollers are employed to feed a

- lead forward. Specifically, three feed rollers 81, 82, 83,

each of which is constructed in the same as manner the
feed roller shown in connection with the first embodi-
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ment, are spaced apart at an equal angular interval of 65

120° about the axis of the cavity 18 formed in the inter-

the rear end of the lead guide 15 is located close to the
front end of the feed rollers 81 to 83. On the other hand,
the fitting portion 21 of the lead containing pipe 19 has
an internal diameter which is substantially equal to the
internal diameter of the lead guide 15.

As a lead 16 is fed forward from the fitting portion 21
of the pipe 19, it is surrounded by three feed rollers 81
to 83, so that when the pipe 19 is rotated, the three feed
rollers 81 to 83 engage the outer periphery of the lead
16 while rotating. Thereupon, the lead 16 is advanced
axially forward while slightly spreading the rollers 81 to
83 outward against the resilience of the leaf spring 48.
While the lead guide 135 is spaced from the lead-contain-
ing sleeve 19 in the present embodiment, the lead cannot
move away from any of the rollers because it IS sur-
rounded by three rollers.

FIGS. 9 and 10 show a sixth embodiment of the in-
vention where one of the three feed rollers shown in the
fiftth embodiment is replaced by a reversing roller
which has been described above in connection with the
third embodiment. Specifically, the feed roller 83 of the
fifth embodiment is replaced by a reversing roller 87
having a helical rib 86 which proceeds in the opposite
direction. The configuration of the reversing roller 87
and a mechanism which transmits rotation thereto are
constructed 1in the same as the reversing roller 62 de-
scribed above, and hence will not be described specifi-

cally. As before, this arrangement prevents a rotation of
the lead 16.

In the fifth and the sixth embodlments there have
been provided three feed rollers. However, it should be
understood that four feed rollers may be disposed at an
equal angular interval of 90° about the axis of the cavity
18 of the intermediate casing 13. In this instance, two of
these rollers may be formed by reversing rollers as
illustrated in the third and the sixth embodiments. By
increasing the number of feed rollers, the area of
contact between the feed rollers and the lead increases,
increasing the grip of the feed rollers on the lead. |

FIG. 11 shows a seventh embodiment of the inven-
tion. In this embodiment, the feed roller is frusto-coni-
cal in configuration and has an axis which is disposed at
an angle with respect to the axis of the lead guide in a
plane which includes the latter. The feed roller is dis-
posed so as to be movable in the axial direction so that
the grip on the lead can be varied in accordance Wlth
the magnitude of the writing pressure.

-Specifically, referring to FIG. 11, the lead gulde 15
extends through the front portion of the front casing 12,
and has 1ts rear end located within a conical opening 91
formed in the front casing 12. The axis of the conical
opening 91 coincides with the axis of the lead guide 15,
with its apex located nearer the front end of the lead
guide 15. Also formed in the front casing 12 are a sup-

- port opening 93 which communicates with the rear end

mediate casing 13 so as to surround the lead 16. It will

be noted that only two rollers are shown in FIG. 6. A

of the conical opening 91 and in which a front support
plate 92 having its peripheral surface extending parallel
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to the axis of the lead guide 15 is rotatably fitted, and a
roller 0pemng 94 having a greater diameter than the
support opening 93. The rear end of the roller opening
94 is closed by a rear support plate 95, which 1s thread-
ably engaged with the front end of the intermediate
casing 13 together with the rear end of the front casing
12. A lead support pipe 96 extends through the front
and the rear support plates 92, 95 in aligned relationship
with the axes of these support plates. An axially extend-
ing notch 97 is formed in the upper surface of the lead
support pipe 96. The front end of the lead support pipe
96 is spaced from the rear end of the lead guide 15 while
the rear end of the pipe 96 is located in a forward por-
tion of the front conical portion 22 of the lead-contain-
ing pipe 19. Consequently, a lead 16 can be fed from the
lead-containing pipe 19 through the lead support pipe
96 into the lead guide 15. A feed roller 98 is located
above the notch 97 in the lead support pipe 96, and 1s
disposed so that its peripheral surface engages the pe-
ripheral surface of the lead 16 which is exposed through
" the notch 97. As shown, the feed roller 98 is in the form
of a frustum of a cone which increases in diameter from
its rear end toward its front end. A helical rb 99 1s
formed on the peripheral surface of the feed roller 98 in
the manner of a right-hand screw. The feed roller 98

carries support shafts 100 which are disposed -at an

angle with the axis of the lead support pipe 96 in a plane
which includes the latter axis. It will be noted that the
opposite ends of the support shafts 180 are carried by
the front and the rear support plates 92, 95 in a manner
such that they can be slightly moved along their axes to

permit the feed roller 98 to bite into the lead as a writing

pressure is applied thereto, as will be further described
later. At this end, the front support plate 92 1s formed
with a support cavity 184 which 1s provided to support
the front support shaft 100 and which has a length to

10

99 on the feed roller 98 abuts against the peripheral

surface of the lead 16 and the support shafts 100 of the

feed roller 98 assume an inclined position such that the
axis of the lead 16 is more closely approached as they

are moved rearward, only a slight retraction of the feed

- roller 98 occurs to bite into the lead 16 as the latter also

10

retracts slightly, in response to the writing pressure
applied to the lead. The amount of such retraction 1s
determined by a further bite of the rib 99 into the lead

-and the angle of the inclination of the shafts 100, but can

be kept below 0.01 mm, and hence presents no difficulty
for practical purposes. In this manner, a grip on the lead

16 is assured in accordance with the writing pressure.
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permit a movement thereof. A gear 66 is mounted on -

the rear support shaft 100 for meshing engagement with
the internal rack teeth 65 on the extension ring 64 of the
lead-containing pipe 19, in the same manner as de-
scribed above in connection with the fourth embodi-
ment. Thus, the feed roller 98 1s constructed in the same
manner as the reversing roller shown in the fourth and
sixth embodiments. However, in the present embodi-
ment, the intermediate casing 13 is internally formed
with an annular projection 101 toward its rear end
which projects radially inward for engagement with a
detent projection 102 which is formed on the outer
periphery of the lead containing pipe 19 to extend radi-
ally outward, thus limiting a forward movement of the
pipe 19. Additionally, a protective cap 103 which re-
tains an eraser 29 has an outer periphery which is sized
to be coincident with the cuter perlphery of the rear
casing 14.

In operation, the feed roller 98 rotates as the rear
casing 14 is rotated in the same manner as in the fourth
and sixth embodiments. As the leading end of the lead

16 is engaged by the rear end of the feed roller 98, the

latter moves forward until the front end of the front
support shaft 100 bears against the bottom of the cavity
104. When such forward movement is interrupted, the
feed roller 98 engages the lead 16. The rotation of the
‘rear casing 14 is stopped when a desired length of the
lead 16 is exposed through the front of the lead guide
15, whereby the pencil is in condition for writing. When
the lead 16 is applied against a writing surface, the writ-
ing pressure imparts a force to the lead 16 which tends
it to be retracted rearwardly. However, because the rib
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While the feed roller 98 is formed as a reversing roller

in the present embodiment, it may be designed to rotate

in the forward direction by providing a helical nb

thereon which is formed as a left-hand screw in the

manner mentioned above in connection with the first
embediment. Alternatively, instead of movably dispos-
ing the support shafts on the front support plate, the
axial movement of the feed roller may be achieved by
providing an axially extending groove in the support
shaft to permit a displacement of the feed roller along
the groove.

FIG. 12 shows an eighth embodiment of the inven-
tion in which a motor is used to supply a rotating drive.
As is the seventh embodiment, the front and the rear
support plates 92, 95 are disposed within the front cas-
ing 12, and a pair of support shafts 111, 112, which are
180° spaced apart with respect to the axis of the lead 16,
extend between and are rotatably mounted on the plates
92, 95. A lead support pipe 113 is mounted on the front

support plate 92 in alignment with the axis of the lead

guide 15. A lead feed pipe 114 which is disposed in
alignment with the axis of the support pipe 113 has its
one end supported by the rear support plate 95, and has
its rear end extending through the intermediate casing
13. A feed roller 115 of the same construction as the
feed roller 75 mentioned above in connection with the
fourth embodiment is mounted on the support shatt 111
while a reversing roller 116 having a helical rib which is
formed in the manner of a right-hand screw, and thus

proceeds in the opposite direction from the feed roller

115, is mounted on the support shaft 116. The lead 16
which is delivered from the lead feed pipe 114 is fed into
the lead support pipe 113 while it is being carried be-

- tween the pair of rollers 115, 116.
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The rear ends of the support shafts 111, 112 extend
through the rear support plate 95 and project into a
cavity 117 formed within the intermediate casing 13,
with pinion gears 118, 119 being mounted on their free
end. The gear 118 meshes with a reduction gear 120
which is disposed within the cavity 117 while the gear
119 meshes with a reduction gear 121. It is to be noted.
that the reduction gears 120 and 121 are maintained in
meshing engagement with each other. Consequently, if
the reduction gear 120 rotates clockwise, the gear 118
also rotates clockwise while the gear 119 rotates coun-
ter-clockwise. Hence, it will be appreciated that the
feed roller 115 and the reversing roller 116 positively
feed the lead 16 to the left, as viewed in FIG. 12, in the
same manner as mentioned above in connection with
the third embodiment. The reduction gears 120, 121 are
rotatably supported in a partition 122 which is fitted
into the rear end of the cavity 117 and which also sup-
ports the lead feed pipe 114 its central region. The rear
surface of the partition 122 defines a front end of a

‘cavity 123 which continues toward the rear end of the
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intermediate casing 13. The cavity 123 has a more re-
duced diameter than the cavity 117, whereby a rear-
ward movement of the partition 122 is constrained. An
abutment plate 124 is disposed within the cavity 123 at
an axial spacing from the partition 122, and carries the
rear end of the lead feed pipe 114. A second reduction
gear 125 which is disposed in coaxial alignment with the
reduction gear 120, and a third reduction gear 126 of a
reduced diameter which meshes with the gear 125 are
located intermediate the partltlen 122 and the abutment
124. A retainer plate 127 is disposed at an axial separa-
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tion from the abutment plate 124, and a drive gear 128 -

and a drive reduction gear 129 which meshes therewith
are located intermediate the abutment plate 124 and the
retainer plate 127. The drive gear 128 is mounted on a
drive shaft 131 of a motor 130, which is received in the
cavity 123 between the retainer plate 127 and the rear
end wall 132 of the intermediate casing 13. The drive
shaft 131 comprises a hollow shaft with its axis aligned
with the axis of the lead feed pipe 114. A miniature
motor which can be fitted into the cavity 123 is desir-
ably used for the motor 130, and is available from
Namiki Seimitsu Hoseki K.K. In Japan as model 10CL-
1200, for example. This motor has an outer diameter of
about 10 mm and is of a coreless type. The rear end of
 the drive shaft 131 extends to the rear end of the inter-
mediate casing 13. The drive reduction gear 129 is
mounted on a shaft 133, the front end of which 1s rotat-
ably supported by the partition 122 and the rear end of
which is rotatably supported by the retainer plate 127.
A transmission gear 134 is mounted on the front portion
of the shaft 133 for transmitting the rotation of the shaft
133 to the third reduction gear 126.

The rear casing 14 is mounted on the rear end of the
intermediate casing 13, and is formed with an axially
extending lead-containing bore 135 therein. The front
end of the bore 1335 1s formed into a front conical surface
136, and a lead passage 137 provides a communication
between the front end of the conical surface 136 and the
~ front end of the rear casing 14. In this manner, leads 16
-contained in the bore 136 can be fed one by one into the
hollow shaft 131 through the lead passage 137. A bat-
tery-contamning sleeve 138 is detachably fitted over the
rear end of the rear casing 14 so as to close the rear end
of the bore 133. The sleeve 138 has a space 139 therein
in which batteries 140 are received. A cap 141 is thread-
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ably engaged with the rear end of the sleeve 138, and

the cap 141 can be unscrewed to enable a replacement
of the batteries 140. It is to be noted that the batteries
140 are connected with miniature switches 143, 144
mounted in the wall of the front casing 12 as well as the
motor 130 through lead wires 142. Switch 143 can be
operated to rotate the motor 130 in the forward direc-
tion while the switch 144 can be operated to rotate the
motor 130 in the reverse direction. These switches are
formed by pushbutton switches of non-lock type, such
switches are well known, for example the numerical or
- control switches mounted on the electronic wristwatch

35

with an electronic calculator such as DPZ010 type

which is commercially available from Kabush1k1 Kaisha
Seikosha of Japan.

When the switch 143 is depressed with a ﬁnger, the
motor 130 rotates in the forward direction. This rota-
tion is transmitted through drive shaft 131, drive gear
128, and drive reduction gear 129 to the shaft 133,
which then rotates in the opposite direction. The rota-
“tion of the shaft 133 is transmitted through the transmis-
sion gear 134, third reduction gear 126, and the second
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reduction gear 125 to rotate the reduetlon gear 120 in
the forward or clockwise direction, thus ‘causing a rota-
tion of the feed roller 115 and the reversing roller 116 to
feed the lead 16 to the left, as viewed in FIG. 12.

FIG. 13 shows a ninth embodiment of the invention,
illustrating a modification of the drive transmission
mechanism shown in FIG. 12. Specifically, the reéar
casing 14 is formed with only a lead containing borte
135, and a motor casing 151 which houses a motor 130
and a battery 140 is mounted on the rear end of the rear
casing 14. The opposite ends of the motor 130 are fixed
in position by retainer plates 152, 153, and the battery
140 is located on the opposite side of the retainer plate
153. The retainer plate 152 is centrally formed with an
opening through which the drive shaft 154 of the motor
130 extends, and a drive gear 128 is mounted on the
drive shaft 154 which projects through the retainer
plate 153. A drive reduction gear 129 meshes with the
drive gear 128, and is mounted on a shaft 133 which
extends through a plate member 155 blocking the rear
end of the lead containing bore 135 and which extends
into the interior of the intermediate c'asing 13. The plate
member 155 is centrally formed w1th an opening 156
through which leads 16 are inserted.

FIG. 14 shows a tenth embodiment of the invention
in which a motor and a power supply are separately
provided. Specifically, a flexible shaft 162 is connected
with the rear end of the shaft 133 through a sleeve
coupling 161. The flexible shaft 162 extends from the
rear part of the intermediate casing 13 to the exterior
thereof. The other end of the flexible shaft 162 is con-
nected with the drive shaft 154 of the motor 130, housed
within a separate motor easmg 163, through a sleeve
coupling 164. The motor casing 163 houses the motor
130 and the battery 140, and a cap 165 is detachably
mounted on the end of the motor casing which is nearer
the battery 140. In the present embodiment; it is only
necessary that the rear casing 14 be formed with the
lead - containing bore 135, with a lead cap 166 detach-
ably fitted over the rear end of the rear casing 14 to
close the lead containing bore 135. The ﬂex1ble eable
162 is provided with a protective tube 167.

In the eighth to tenth embodiments described above,
it is possible to feed the lead 16 about 0.4 mm forward
by one touch of the switch 143 when the motor 230 has
a number of revolutions of 2,000 rpm, the transmission
gearing has a speed reduction ratio of 1/75, and the feed
roller 115 and the reversing roller 116 have a pltch of
0.4 mm.

FIGS. 15 and 16 show an eleventh embodunent of the
invention in which the lead is fed forward by interrupt-
ing the writing process and the tip of the mechanical

- pencil is moved away from a writing surface te release

the writing pressure. -
Specifically referrmg to these Flgures the meeham-
cal pencil comprises a casing body 171 which includes a

front casing 172, and a rear casing 173 which has its

front end threadably engaged into the rear end of the
front casing 172. The rear casing 173 is internally
formed with a lead-containing bore 174, the forward of
which is shaped into'a front conical surface 175 WhICh

1s centrally formed with an opening.

The forward portion of the front casing 172 is shaped
into a tapered ferrule 176 defining a space 177 which
continues to the rear end of the front casing: 172 At its
tip, the ferrule 176 is centrally formed with a through-
opening 178 in which a lead gmde 179 is slidably. dis-
posed for supporting a lead 16 in a slidable manner. The
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lead guide 179 has a sufficient length such that its front
end projects through the ferrule 176 while its rear end
extends into the space 177. A spring abutment 181 hav-
ing an opening 180 formed therein which communicates
with the hollow interior of the lead guide 179 1s
mounted on the rear end thereof. Fitted into the space
177 and secured therein is a cylindrical body 184 which
has its opposite ends closed by sideplates 182, 183. A
coiled spring 185 is mounted between the spring abut-
ment 181 and the sideplate 182 for normally urging the
lead guide 179 outward, namely, to the left as viewed in
FIG. 16. A lead feed pipe 186 having its axis aligned
with the axis of the lead guide 179 is passed through

10

openings formed in the both sideplates 182, 183 so asto

be supported thereby. A pair of axially extending
notches 187, 188 are formed in the peripheral wall of the

15

lead feed pipe 186 and are spaced apart 180° around the

axis thereof, thereby exposing the lead 16. The rear end

of the lead feed pipe 186 extends into the central open-

ing formed in the front conical surface 175. In this man-

ner, a lead from the lead-containing bore 174 can be

20

delivered through the lead feed pipe 186 and fed for-

ward from the front end of the lead guide 179. A first
feed roller 189 is located adjacent to the notch 187
while a second feed roller 190 is located adjacent to the

23

notch 188. These rollers 189, 190 are constructed in the

same manner as the rollers 36, 55 described above in

connection with the second embodiment. In a region
between the sideplate 183 and the notches 187, 188, a
pair of L-shaped support plates 191 are mounted on the
lead feed pipe 186 such that one of their limbs extend

parallel to the plane of the sideplate 183. The pair of

rollers 189, 190 are mounted on support shafts 192, 193,
respectively, the opposite ends of which are rotatably
supported by the sideplate 182 and the support plates
191. The end of the respective support shafts 192, 193
which 1s located nearer the support plates 191 EXtends
therethrongh, with transmission rollers 194, 195
mounted on the free end thereof. |

A rotating cylinder 196 1s fitted inside the cylindrical
body 184 with a very small clearance therebetween. To
assure a smooth rotation of the cylinder 196, ball bear-
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the internal diameter of the annular projection 198, a
cylindrical portion 205 of a diameter which 1s slightly
less than the internal diameter of the annular projection
198, and a cylindrical engagmg portion 206 having an
outer diameter which is less than the outer diameter of
the cylindrical portion 208, all connected together 1n an
integral manner. A downward movement, as viewed in
FIG. 15, of the detent flange 204 1s limited by abutment
against the support plates 191 while 1ts upward move-
ment is limited by abutment against the annular projec-
tion 198. The internal surface of the cylindrical portion
205 is maintained in engagement with transmission rol-
lers 194, 195, whereby the rotation of the hollow cylin-
der 203 causes the transmussion rollers 194, 195 to ro-
tate. The outer periphery of the engaging portion 206 1s
maintained in engagement with a plurality of auxtliary
rollers 207 which are rotatably mounted on the side-
plate 183. The purpose of these auxiliary rollers 207 1s to
assure a smooth rotation of the hollow cylinder 203.
The opposing surfaces of the annular projection 198 and
the detent flange 204 are formed to exhibit a high coeff:-
cient of friction so that when they are held in abutment,
the rotation of the cylinder 196 is positively transmitted
to the cylinder 203. By way of example, these surfaces
may be lined with rubber or threaded.

When the lead guide 179 is brought into abutment
against the writing surface P to be raised upward, the
rotating roller 200 functions to push up the lower end of
the groove 199, so that a clearance is formed between
the annular projection 198 and the detent flange 204.
Hence, a rotation of the cylinder 196 does not cause a
rotation of the hollow cylinder 203. When the tip of the
lead guide 179 is released from the writing surface, the
resilience of the spring 185 urges the spring abutment
181 downward. As the abutment 181 is pushed back, the

- roller 200 moves downward along the groove 199 while

40

ings 197 are interposed between the cylindrical body

184 and the cylinder 196 at a suitable interval. The rear
end of the cylinder 196 is located rearwardly of a sur-
face of the support plates 191 which supports the sup-
port shafts 192, 193, and is internally formed with an
annular projection 198. The cylinder 196 is internally

maintaining its engagement with a lower region of the
groove 199. This movement imparts an opposite rota-
tion to the cylinder 196. On the other hand, when the
rotating roller 200 engages the lower end of the groove
199 and the cylinder 196 is urged to move downward,
the detent flange 204 is brought into contact with the
annular projection 198, whereby the rotation of the

- cylinder 196 is transmitted to the hollow cylinder 203,
45

thus rotating it. In response thereto, the transmission
rollers 194, 195 rotate in the same directions, causing

the first and second feed rollers 189, 190 to rotate. The

- rotation of the rollers 189, 190 feeds the lead 16 forward

formed with a helical groove 199 across its length, and

a rotating roller 200 fits in the groove 199. The roller
200 1s rotatably mounted on one end of a connecting bar
201, the other end of which extends through an opening
202 formed in the sideplate 182 to be connected with the
spring abutment 181. The opening 202 has a diameter
which is slightly greater than the outer diameter of the
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connecting bar 201 so as to permit only a vertical move-

ment of the connecting bar 201. Consequently, if the

lead guide 179 1s brought into abutment against a writ-

ing surface P and is raised, the connecting bar 201 is also

raised, whereby the roller 200 moves along the groove
199. However, the opening 202 prevents the connecting
bar 201 from rotating. As a consequence, the upward
movement of the connecting bar 201 imparts a rotating
force to the cylinder 196.

- A hollow, rotation transmitting cylinder 203 is fitted
into the rear end of the cylinder 196. It comprises a
detent flange 204 of a diameter which 1s less than the
internal diameter of the cylinder 196, but is greater than
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" is formed on the periphery of the second feed roller 211

as mentioned above in connection with the second em-
bodiment. The rollers 189, 190 continue to rotate until

the spring abutment 181 abuts against the front wall

which defines the space 177. In this manner, with this
embodiment, the arrangement that the lead guide 176 1s
axially movable permits the writing process to be con-.
tinued while raising the lead guide 176. When the lead
guide 176 is released from the writing surface P after it
is raised through a certain stroke, the lead 16 1s automat-
ically fed forward. |

FIG. 17 shows a twelfth embodiment of the invention
in which the two feed rollers 36, 55 of the second em-
bodiment are replaced by the feed roller 98 of the sev-
enth embodiment respectively. A second feed roller 211
is disposed parallel to the feed roller 98 at an angular
position which is 180° spaced from the feed roller 98
relative to the axis of the lead guide 15. A helical rib 212

~in the manner of a left-hand screw in the same manner
as the feed roller 98. The support of and rotation trans-
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mission for the second feed roller 211 are similar to

those described above 1in connection with the second
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embodiment. By this arrangement, the grip on the lead

16 as well as the force to feed the lead 16 by the rollers
98, 211 can be increased, and further the grip on the lead
can be varied in accordance with the magnitude of the
- writing pressure.

In an embodiment shown in FIG. 18, the second feed
roller 211 of the twelfth embodiment is replaced by a
reversing roller 213 having a helical rib 214 which pro-
ceeds 1n the opposite direction from the helical rib 99 on

10

the feed roller 98. The support of and rotation transmis- -

sion for the reversing roller 213 are similar to those
described above in connection with the second embodi-
ment shown in FIG. 4.

15

FIGS. 19 and 20 show a fourteenth embodiment in

- which three feed rollers are employed to feed a lead
forward. Specifically, three feed rollers 215, 216, 217,
each of which is constructed in the same manner as the
feed roller 98 shown in the seventh embodiment, are
spaced apart at an equal interval of 120° about the axis
of the cavity 18 formed in the intermediate casing 13 so

as to surround the lead 16. A helical rib 218 formed on

each roller proceeds in the same direction, that is, is
formed as a left-hand screw. The manner in which the
individual rollers 215, 216, 217 are supported, and the
transmission mechanism by which a rotating drive is
transmitted thereto, are the same as those mentioned
above in connection with the fifth embodiment.

FIG. 21 shows a fifteenth embodiment of the inven-
tion where one of the three feed rollers shown in the
fourteenth embodiment is replaced by a reversing roller
which has been described above in connection with the
thirteenth embodiment. Specifically, the feed roller 217
of the fourteenth embodiment is replaced by a reversmg
roller 220 having a helical rib 219 which proceeds in the
opposite direction from that of the other feed rollers.
The configuration of the reversing roller 220 and mech-
anism which transmits rotation thereto are constructed
the same as the reversing roller 62 described above.

FIG. 22 shows a sixteenth embodiment in which the
rollers 115, 116 of the eighth embodiment are replaced
by rollers 221, 222 similar to the rollers 98 and 213
shown 1n FIG. 18. The support of and a rotation trans-
‘mission for the rollers 221, 222 are similar to those de-

scribed above in connection with the eighth embodi-

ment, and hence will not be described specifically.
What is claimed is:

1. A mechanical pencil comprising: a casing having a

ferrule at its one end and having a central bore which
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extends axially thereof; a lead-containing sleeve capable -

of containing a plurality of leads and fitted into the

central bore and having its rear end closed by a cover.

which 1s detachably mounted on the casing, the front
end of the sleeve having a narrowed portion having an
opening in alignment with the sleeve axis and a diameter
slightly greater than that of the lead; a lead guide pipe
mounted 1n the ferrule so as to be aligned with the axis

35

of the central bore and slidably holding the lead; lead °

feed means located intermediate the lead guide pipe and
the lead-containing sleeve and including at least one
lead feed roller having a helical rib on its periphery for
engagement with the outer -peripheral surface of the
lead, said feed roller having a frusto-conical configura-
tion with its axis located in a plane which includes the
axis of the lead guide and which is disposed at an angle

with respect to the axis of the lead guide, the feed roller

being supported so as to be slidable in its axial direction;
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drive means for rotating the lead feed roller about its
axis; and operating means mounted on the outside of the
casing for operating the drive means.

2. A mechanical pencil according to claim 1in which
the lead feed means includes two feed rollers with the
helical rib on the one feed roller proceeding in the op-
posite direction from the helical rib on the other feed
roller; and said drive means includes means for rotatlng
the two feed rollers in opposite directions.

3. A mechanical pencil aecordlng to clalm 1in which
said lead feed means comprises a first, a second and a
third roller which are spaced apart approximately 120°
about the axis of the central bore so as to surround the
lead; and wherein said drive means includes means for
mmultaneously rotating the three feed rollers - about
their respective axes.

4. A mechanical pencil according to claim 3 in which
the helical ribs on the first, the second and the third feed
roller proceed in the same direction; and said drive
means includes means for rotating all the feed rellers in
the same direction. o

5. A mechanical pencil according to claim 3 in which
the helical rib on the first feed roller proceeds in ‘the
opposite direction from the helical ribs on the second
and the third feed roller; and said drive means includes
means for rotating the first feed roller in the opposite
direction from the second and the third feed roller.

6. A mechanical pencil according to claim 1 in which
the feed roller has a tapered portion at its end which s
located nearer the lead-containing sleeve, the tapered
portion having a diameter which gradually reduces
toward the lead-containing sleeve.

7. A mechanical pencil aecerdlng to claim 11 in

which the rear end of the lead guide pipe is fitted into a

portion of the lead-containing sleeve which has a re-
duced diameter, the lead guide pipe being formed with
a notch in its peripheral surface in a region adjacent to
the feed roller, the notch extending axially:of the feed
roller to enable the feed roller to engage w1th the lead in
the region of the notch. , o

8. A mechanical pencﬂ accordlng to clalm 1 in which
said operating means comprises a cylindrical member
which is mounted on the rear end of a casing so as to be.
rotatable about the axis of the central bore, the rear end
of the lead-containing sleeve being firmly connected
with the cylindrical member such that rotation of the

- cylindrical member is effective to rotate the lead-eon--_

taining sleeve thereby operating the drive means.

9. A mechanical peneﬂ according to claim 8 in which
said drive means comprises annular rack teeth formed
around the circumference of the lead-containing sleeve

at its front end, and a drive gear mounted on the shaft of

the feed roller and meshing with the rack teeth.

10. A mechanical pencil accordlng to claim 1 in
which said drive means comprises a power supply, an
electric motor driven by the supply, and a reduction
gearing located within the casing and transmitting the
rotation of the motor to the lead feed means; said oper-
ating means comprising switch means for controlling
rotation of the motor in the forward or reverse dlrec-_ |

11. A mechamcal penell according to claim 10 in
which the supply and the motor are received in a hous-
ing which is detachably fitted on the rear end of the* |
casing. | | . -

12. A mechanical pencﬂ aecerdmg to clalm 10 in -

 which the supply and the motor are received in an’

external casing, and the drive shaft of the motor and the
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reduction gearing are connected together through a
flexible shaft. |

13. A mechanical pencil according to claim 1 m
which said drive means comprises a power supply, an
electric motor driven by the supply, and a reduction
sear mechanism which transmits the rotation of the
motor to the lead feed means; said operating means
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comprising switch means for controlling rotation of the
motor in the forward or reverse direction, the motor
being located within the casing between the lead feed
means and the lead-containing sleeve, the motor having
a hollow drive shaft through which a lead from the

lead-containing sleeve is fed to the lead feed means.
¥ k% % & 0¥
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